INTRODUCTION
In order to fabricate high aspect ratio microstruc tures, LIGA (German acronym for Lithographie, Galvanoformung, Abformung) process [1] [2] [3] using synchrotron radiation (SR) is one of the most prom ising techniques. The LIGA process is a technique which is a combination of deep X-ray lithography, electroforming, and molding. In the LIGA process, X-ray lithography can fabricate higher aspect ratio microstructures than photo lithography using ultra violet (UV) rays, and various materials such as met als, plastic and ceramics can be applied. The LIGA process in combination with surface micromachining is expected to produce microactuators with high power, microsensors with high sensitivity and micro electro mechanical systems (MEMS) with high per formance. X-ray lithography in the LIGA process needs an Xray mask with high resolution in order to fabricate microstructures which have dimensional accuracy in the submicron range. X-ray lithography also needs a mask with high contrast because long time expo sure is required for the fabrication of resist micro structures more than 1 mm thick.
In this paper, we present the structure and per formance of an X-ray mask for the practical LIGA process using a SiC membrane which has high per meability to X-rays, high thermal conductivity and moderate tensile stress [4] . We also report on fab rication of Ni microstructures by the LIGA process applying the X-ray mask. 
Contrast
As shown in Fig. 2 , an X-ray mask for the LIGA process is composed of an X-ray absorber, a mem brane and a frame. Table 1 . shows important re quirements for an X-ray mask for the LIGA process [1] [2] [3] [4] . Au was used as an X-ray absorber for the following reasons : 1) Au is quite opaque to X-rays because of its high atomic number ; 2) An Au X-ray absorber can be made by electroforming.
SiC was used as a membrane, because of its high permeabil ity to X-rays, high thermal conductivity, high Young's modulus, moderate tensile stress which can support an absorber, and optical transparency which is suitable for multi-layer alignment.
Si was used as a frame because it is easy to form. It is desirable that the X-ray absorber be formed into the minimum thickness required for the fabrication of PMMA resist by X-ray lithography, because the accuracy of the photoresist pattern which is used as a mold for electroforming of the X-ray absorber be comes lower with increasing thickness of the photo resist.
To manufacture high aspect ratio MEMS with high performance [5, 6] , we wanted to achieve the maximum lithography depth.
From the above mentioned consideration, we paid attention to one parameter to decide on the thickness of the X-ray absorber. As shown in Fig. 3 , EM (J / mA s mm2) is the en ergy of the X-rays transmitted through the mem brane and EA (J / mA s mm2) is the energy of the X-rays transmitted through the absorber. The ratio of EM to E, is the contrast C for the trans mitted energy of the X-rays : (1) 3.2 Absorbed energy of PNEVIA As shown in Fig. 3 , to obtain the required value of C, we investigated the absorbed energy quantity of the X-rays between the surface and the bottom of the PMMA resist.
At the bottom, the PMMA resist must absorb more than the minimum energy quan tity Pte. (J / cm3) which is required for development.
On the other hand, on the surface of the PMMA resist under the absorber of the mask, the PMMA resist must absorb less than the threshold energy quantity P,x ( J / cm3 ) to which would produce changes in quality during the development process. Pmin and PTh were obtained by the following proce dure, appropriate for the wavelength range for Xray lithography in the LIGA process using AURORA, which is mainly less than 7.3 A [5] . The beam spectrum of AURORA is converted into the exposure energy spectrum per unit time E_??_ ( J / mA s mm2 ). 
When the PMMA resist is exposed, the energy spectrum of the X-rays transmitted through the membrane and through the absorber, E, (J l mA s mm2) and ETA (J / mA s mm2) are respectively (9) (10) 
EAM and EAA are functions of A, so the energy quantities absorbed in the PMMA behind the mem brane PAM (J l cm3) and the absorber P, (J / cm3 ) are obtained by integration of EAM and E, in the range of wavelengths less than 7.3A. C is given by fitting PAM at the required lithography depth to Pmin=1 kJ/cm3 found from previous work of AURORA [5, 6] and PAA at the surface of the PMMA resist to PTh=0.1 kJ/cm3 [1, 2] . (1). Figure  5 shows The combination of the absorber of 3 .im thick Au and membrane of 2 µm thick SiC gave a contrast of about 65 which was enough for the X-ray lithogra phy of a 200 .tun thick PMMA resist in the LIGA process using the energy spectrum produces by AURORA. An X-ray mask with a minimum line width of about 2 .tm was fabricated.
Using this Xray mask, the LIGA process was carried out. Ni microstructures with a maximum aspect ratio of 100, corresponding to 2 µm width and 200 .tm height, were fabricated by electroforming using PMMA molds. These results are expected to be applicable to manu facturing MEMS with high performance. 
